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(57) ABSTRACT 

Embodiments include methods, apparatus, and systems 
Which may provide for multi-attribute auctioning. Bids and 
offers Which comprise non-price attributes may be received 
by an auction service, such as Web content bids and offers for 
space on Webpages. The service may evaluate the various 
attributes of the bids and offers in a quantitative manner, 
developing a value for the bid and offer that includes both 
price information and other non-price attributes. This valua 
tion may be performed through the use of one or more Will 
ingness-to-pay functions Which, based on a knowledge of an 
agent, determine a numerical value for that agent’s Willing 
ness to pay according to the non-price attributes. The result 
from evaluating this function may then be used to determine 
Which auction bids and offers may be matched. The auction 
service may publish statistics about past performance of 
agents and the bid or offer can include one or more probability 
distributions for future performance, based on the published 
statistics. Other embodiments may be described and claimed. 
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MULTI-ATTRIBUTE WEB CONTENT 
AUCTIONS 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 61/269,239, ?led Jun. 22, 2009. The 
present application is also related to US. patent application 
Ser. No. (attorney docket no. 121775-174370), 
entitled “Dynamic Webpage Generation Including Request 
Time Auctioned Web Content,” contemporaneously ?led. 

TECHNICAL FIELD 

[0002] The present application relates to operation of elec 
tronic auctions and more particularly to facilitation of evalu 
ation of bids and offers containing multiple attributes. 

BACKGROUND 

[0003] Online marketplaces, such as auctions, are increas 
ingly used to bring together buyers and sellers of non-tradi 
tional goods. For example, providers of Web content or ser 
vices may seek to sell their goods online, such as to Website 
providers, for inclusion in Webpages. HoWever, oftentimes, 
Website providers’ and content providers’ objectives cannot 
be captured by price alone. From a Website provider’s per 
spective, this may be because alternative sources of informa 
tion content and services are not interchangeable, and may 
vary on key features that bear on the Website provider’s fun 
damental objectives. This may prevent the Website oWner 
from simply choosing very cheapest content bid available to 
him or her based on price alone. For example, a piece of paid 
content may simply be directed to a more appropriate topic 
than another piece of content. Alternatively, a piece of paid 
content may have secondary effects, such as by yielding a 
monetary impact on a Website provider by increasing on-site 
conversion rate, or an non-monetary impact by increasing 
visitor engagement (e.g., session length) on the Website. 
Thus, a piece of content that is nominally priced higher may 
yield valuable indirect monetary or non-monetary impact for 
a provider. Similar concerns may be faced by Web content or 
Web services providers as they seek to have their content 
featured on Websites. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The foregoing and other features of the present dis 
closure Will become more fully apparent from the folloWing 
description and appended claims, taken in conjunction With 
the accompanying draWings. Understanding that these draW 
ings depict only several embodiments in accordance With the 
disclosure and are, therefore, not to be considered limiting of 
its scope, the disclosure Will be described With additional 
speci?city and detail through the use of the accompanying 
draWings, in Which: 
[0005] FIG. 1 illustrates a block diagram shoWing example 
usage and information How of a request-time Web content 
auction service in accordance With various embodiments; 
[0006] FIG. 2 illustrates a block diagram of various com 
ponents and information ?oWs utiliZed in various embodi 
ments of the request-time content auction service in accor 
dance With various embodiments; 
[0007] FIG. 3 illustrates a process for generating a Webpage 
using request-time auctioned Web content in accordance With 
various embodiments; 
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[0008] FIG. 4 illustrates a process forperforming a request 
time auction of Web content in accordance With various 
embodiments; 
[0009] FIG. 5 illustrates a process for matching Web con 
tent bids to request-time Webpage space offers in accordance 
With various embodiments; 
[0010] FIG. 6 illustrates a process for evaluating bids and/ 
or request-time offers in accordance With various embodi 
ments; 
[0011] FIG. 7 illustrates a process for facilitating request 
time auctions incorporating bid and offer probabilities in 
accordance With various embodiments; and 
[0012] FIG. 8 illustrates an example computing environ 
ment con?gured to practice various aspects of the earlier 
described methods and systems. 

SUMMARY 

[0013] Described embodiments include methods, appara 
tus, and systems Which may provide for multi-attribute auc 
tioning, such as of Web content and Web services. In various 
embodiments, bids and offers, Which comprise non-price 
attributes are received by an auction service. Examples of 
such bids and offers include Web content bids and offers for 
space on Webpages. Examples of non-price attributes may 
include interests, click-through rates, Website keyWords, 
placement, content type, domain of Website, visitor informa 
tion, etc. The service may, in various embodiments, evaluate 
the various attributes of the bids and offers in a quantitative 
manner, developing a value for the bid and offer that includes 
both price information and other non-price attributes. In vari 
ous embodiments, this valuation may be performed through 
the use of one or more Willingness-to-pay functions Which, 
based on a knoWledge of an agent (such as a bidder or offer 
maker), determine a numerical value for that agent’s Willing 
ness to pay according to the non-price attributes. The result 
from evaluating this function may then, in various embodi 
ments, be combined With price information to match bids and 
offers. 
[0014] In various embodiments, the use of the real-time 
Web content auctioning systems and techniques described 
herein may provide for one or more of the folloWing aspects 

[0015] l) The use of multi-attribute value models for bid 
speci?cation in electronic auctions for page real estate 
and Web content/ services to populate that real estate; 

[0016] 2) The use of multi-attribute measurable value 
functions for bid speci?cation in electronic auctions for 
page space and Web content and/ or services to populate 
that space; 

[0017] 3) The use of non-local attributes (e.g., off-item or 
doWnstream events) in bidder value functions; 

[0018] 4) The use of attention attributes (e.g., mouse 
hover), session-length measures, and de?ned event mea 
sures (e.g., “checkout”) in bidder value functions; 

[0019] 5) The use of lotteries over non-local value 
attributes in bids/ offers for page-real-estate and content 
and services; 

[0020] 6) The maintenance of performance statistics at 
multiple levels of aggregation for bid evaluation; 

[0021] 7) The publication of auction histories and bidder 
performance statistics by the auctioneer to enable bid 
ders to adjust bidding strategies. 

[0022] In various embodiments, Winning bids may be posi 
tive (e.g., a content creator pays Website provider), Zero, or 
negative (e.g., a Website provider pays content creator). In 
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various embodiments, the multi-attribute auctions may also 
utilize one or more valuations of potential performance of a 
Webpage provider or a content provider. In various embodi 
ments, the auction service may publish statistics about past 
performance of agents, such as, for example, click-through 
rates, and the bid or offer can include one or more probability 

distributions for future performance, based on the published 
statistics. 

[0023] A computer-implemented method for matching bids 
to supply content for online composite content With offers for 
space for one or more online composite content in an auction 

may be described. The method may comprise receiving, by a 
computing device, one or more bids to supply content for the 
online composite content and one or more offers for space for 
one or more online composite content, Wherein the one or 
more bids and one or more offers have respective associated 

sets of attributes; generating, by the computing device, 
respective numerically-valued evaluations of the one or more 
bids and one or more offers based on the respective sets of 

attributes; matching, by the computing device, at least one bid 
and at least one offer according to the quanti?ed evaluations; 
and outputting, by the computing device, the matched offers 
and bids. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0024] In the folloWing detailed description, reference is 
made to the accompanying draWings Which form a part 
hereof, and in Which are shoWn by Way of illustration embodi 
ments Which may be practiced. It is to be understood that 
other embodiments may be utiliZed and structural or logical 
changes may be made Without departing from the scope of the 
disclosure. Therefore, the folloWing detailed description is 
not to be taken in a limiting sense, and the scope of embodi 
ments is de?ned by the appended claims and their equiva 
lents. 

[0025] The disclosure is draWn, inter alia, to methods, 
apparatus, systems, and computer readable media related to 
request-time auctions of Web content and services, including 
matching of multi-attribute bids and offers. In the description 
to folloW, the term “bid” is often used for bids that a content 
provider submits, While “offers” are often used in association 
With Web site providers, such as for the offer of space or the 
offer for service. The employment of the separate terms is for 
the purposes of clearer description of from Whom the actions 
described herein initiate. The employment of the separate 
terms should not be read to imply that an offer from a Website 
provider may not take a form similar to a bid or vice versa. 
The present disclosure anticipates that in various embodi 
ments, offers may take the form of a bid, and the context 
clearly indicates otherWise, the term should be so expansively 
construed. 

[0026] In various embodiments, techniques and systems 
described herein may be used in scenarios outside of broWser 
vieWs of Webpages. Various embodiments include content 
rendered by applications that use hypertext transfer protocol 
or other Web-based protocols other than Web broWsers. Fur 
ther, various embodiments may provide for auctions utiliZing 
other forms of online composite content, such as, for 
example, email or text-based content. Additionally, in various 
embodiments, non-Web-based netWorking protocols may be 
used. While descriptions provided herein are made With ref 
erence to “Webpages,” it should be recogniZed that such usage 
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is made for the sake of bevity and simple description and 
should not be read to imply technical limitations on embodi 
ments. 

[0027] FIG. 1 illustrates a block diagram of example usage 
and information ?oWs in a request-time Web content auction 
service in accordance With various embodiments. While the 
example illustration shoWs particular orders of events and 
How of information, in various embodiments, various pro 
cesses may be performed in alternative orders or may be 
omitted entirely. As illustrated, FIG. 1 shoWs interactions 
betWeen computing devices associated With a user 100, a 
Webpage provider 110, a Web content provider 130, and a 
request-time Web content auction service 150 (hereinafter, 
simply betWeen a user 100, a Webpage provider 110, a Web 
content provider 130, and a request-time Web content auction 
service 150, hoWever, the description and the claims should 
be read With all interactions betWeen user and providers via 
computing devices). The computing devices may be coupled 
With each other via local and/or Wide area, Wired and/or 
Wireless, private and/or public netWorks. An example of a 
public netWork may be the Internet. 
[0028] In the illustration of FIG. 1, the Webpage provider 
110 and Web content provider 130 are illustrated as dotted 
lines shoWing domain over various Webpages (such as 
Webpages 115 and 180) or Web content (such as content 135 
and 137); in various embodiments, the Webpage provider 110 
and Web content provider 130 may comprise additional com 
ponents Which are not illustrated for the sake of expedited 
discussion. In the illustration of FIG. 1, a user 100 may send 
a request 105 to a Webpage provider 110 to see a Webpage, 
such as Webpage 115. At the time of the request, as illustrated 
in FIG. 1, the Webpage may have one or more spaces in it 
Which are not yet completed, such as space 113, as Well as 
completed portions, such as space 117. For example, over a 
given period of time a Webpage provider may serve up a 
consistent piece or pieces of editorial content to multiple 
visitors to Webpage 115 and may therefore choose to pre 
populate a space With that content, such as in space 117. 
HoWever, the provider may also choose to populate one or 
more spaces at the time of request of the Webpage, and may 
therefore maintain incomplete portions, such as in space 113. 

[0029] After receiving the request 105, the Webpage pro 
vider 110 may then send an offer 123 of one or more pieces of 
Webpage space to the request-time Web content auction ser 
vice 150. In various embodiments, the Web content provider 
130 may also send bids to place content, such as, for example, 
bid 125 for text-based content 135 and/or bid 127 for graphi 
cal content 137 to the request-time Web content auction ser 
vice 150. In various embodiments, the request-time Web con 
tent auction service 150 may receive content from more than 
one Web content provider. In various embodiments, the bids 
received from Web content providers may be received con 
temporaneously With or as a result of one or more offers from 

Webpage providers; in alternate embodiments, the bids may 
be received before or after the receipt of the offers. In various 
embodiments, the request-time Web content auction service 
150 may receive bids for services in addition to or in lieu of 
bids for placement of Web content. A Web service provider 
(not illustrated) may submit bids to provide services such as, 
for example, content ?ltering or context modeling. Although 
the description of auction operations as described herein may 
be done, for the most part, With reference to bids for place 
ment of Web content, similar techniques may be used for 
auctioning and provision of Web services. 
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[0030] After receiving bids and offers, the request-time 
Web content auction service 150 may provide to the Webpage 
provider 110 one or more indications of Winning content 165. 
Such indications may include, in various embodiments, the 
content itself, an encoded version of the content, a link to the 
content, and/ or a unique identi?er Which can be used to obtain 
the Winning content. Using this Winning content, the Webpage 
provider 110 may then generate a completed Webpage 180, 
such as by including the Winning content in the previously 
un?lled spaces, such as spaces 185 and 187, Which for illus 
trative purposes contain the content illustrated as content 135 
and 137, respectively. In various embodiments, the content 
Which is included in the completed Webpage may be included 
in an identical fashion to the content provided by the Web 
content provided (such as, for example, content 137 in space 
187) or may be modi?ed, such as for space or content restric 
tions (such as for example, content 135 in space 185). After 
the completed Webpage is generated, the Webpage may be 
provided by the Webpage provider 110 to the user 100, such as 
by serving 165 the Webpage. 
[0031] FIG. 2 illustrates a block diagram of various com 
ponents and information ?oWs utiliZed in various embodi 
ments of the request-time content auction service 150 in 
accordance With various embodiments. The request-time 
content auction service 150, as illustrated, comprises a bid 
acceptor component 210, Which may be con?gured to accept 
bids, such as for Web content or Web services, illustrated in 
FIG. 2 by bid 215. Bids may include a monetary amount, 
illustrated by the $ symbol. In various scenarios, a Web con 
tent provider may include a price to buy in a bid, such as When 
the Web content provider is Willing to pay money to have its 
content included in a Webpage, or a price to sell in a bid, 
indicating that the Web content provider Wishes to be paid by 
the Webpage provider for inclusion of the bidded-for content. 
In alternative scenarios, the bid 218 may have a Zero-valued 
price in the bid. In various embodiments, the bid may be 
received by the bid acceptor in real time during a Webpage 
request, or may be accepted ahead of time, before a request 
has been received. 

[0032] The bid 215 may also contain one or more attributes, 
such as illustrated attribute list 218. In various embodiments, 
these attribute lists may be used by the request-time content 
auction service 150 to determine the Web content provider’s 
Willingness to pay (or Willingness to accept) a particular 
monetary value for use of its content. This Willingness-to-pay 
value may be used to match content bids to space offers 
during auctions facilitated by the request-time content auc 
tion service 150. 

[0033] The request-time content auction service 150 may 
also comprise a Webpage space offer acceptor 220, Which 
may be con?gured to accept offers of Webpage space from 
one or more Webpage providers, such as offer 225. The 
Webpage space offer acceptor 220 may also be con?gured to 
accept offers Which comprise a price (Which may be a price to 
buy or a price to sell) and/or one or more non-price attributes. 
In various embodiments, offers of Webpage space may also 
include constraints, such as on content relevance or suitabil 
ity, Which may prevent inappropriate content offers from 
consideration during operation of auctions. In various 
embodiments, offers may be received by the Webpage space 
offer acceptor in real time during a Webpage request, or may 
be accepted ahead of time, before a request has been received. 
[0034] In various embodiments, attributes may include sig 
ni?ers of content, keyWords, content length, keyWords, Web 
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site domain, context, constraints, content focus or restric 
tions, visitor information, and/or performance metrics based 
on past experience or predictive models. In some embodi 
ments, attributes may include non-local attributes, such as 
doWnstream events. In some embodiments, attributes may 
include attention attributes, such as mouse hover, session 
length measures, and de?ned-event measures, such as 
Whether a checkout has occurred or Will occur. The non-price 
attributes may also include predictions of performance as 
described beloW, such as, for example, predictions of click 
through rates or attention paid. Examples of Webpage-spe 
ci?c attributes may include domain of discourse of a Website, 
page and/or speci?c page area(s) being offered, the siZe of the 
area(s), and a Willingness-to-pay function for the Webpage 
provider (discussed in greater detail beloW). Examples of Web 
content provider information may include bidder identity as 
Well as domain of discourse, presentation information (e.g., 
space needed and/or media), and non-monetary cost (e.g., 
bandWidth) of offered content. 
[0035] Attributes may also be determined by discovery. 
Discovery may be performed on item attributes (e. g., explicit 
markup, unstructured text, visitor attention measures), in-site 
and off-site relational information (e.g., visitor co-reference 
information, Web-available “links to-from” statistics) infor 
mation, and/ or on existing publicly available ontologies (both 
formal and informal, such as a set of Wikipedia page titles). 
Attributes for content may also comprise non-topic attributes 
including timeliness (recentness of creation), medium, for 
mat, placement, siZe, and/ or bandWidth requirements. 
[0036] As mentioned above, visitor information may also 
be included as attributes in offers and bids. For example, a 
Webpage provider in the ?nancial information domain may 
indicate that its visitors to one Webpage prefer analyst reports, 
blog feeds, and other non-quantitative content, Whereas at 
another Webpage the visitor community might prefer charts, 
tables, and other quantitative ?nancial market information. 
Examples of visitor information Which may be used for auc 
tion matching include location, connectivity, referring URL, 
session cookie, and visitor feedback/interaction and/or his 
tory. 
[0037] The request-time content auction service 150 may 
also comprise a Willingness-to-pay generator 230. In various 
embodiments, the Willingness-to-pay generator 230 may 
accept one or more lists of ordered preferences, such as list 
235, and generate a Willingness-to-pay function. The ordered 
preferences may, in various embodiments, comprise types of 
attributes such as those discussed above. Further details of 
examples of Willingness-to-pay functions are described 
beloW, but in various embodiments the Willingness-to-pay 
functions are used to evaluate and generate quantitative val 
ues based on the preferences of a market participant (such as 
a Webpage provider or a Web content provider). In alternative 
embodiments, the Willingness-to pay functions may be gen 
erated by the Web content providers and/or the Webpage pro 
viders and be included in a bid or offer, such as in bid 215 or 
offer 225. In these embodiments, the Willingness-to-pay gen 
erator may not be included in the real-time Web content auc 
tion service 150 but implementations of the generator may be 
used by either the Web content provider or the Webpage pro 
vider. 

[0038] The request-time content auction service 150 may 
comprise a Web content auction resolver 250, Which in vari 
ous embodiments, may take accepted bids, offers, and Will 
ingness-to-pay functions from the previously discussed com 
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ponents and generate one or more matched bid and offer pairs, 
such as the illustrated matched bid and offer 260. In various 
embodiments, this matched bid and offer may then be pro 
vided to a content resolver 270, Which may identify Which 
piece of Web content should be included in the Webpage of a 
Webpage provider. The content resolver 270 may then provide 
a content indication 280, such as to the Webpage provider, 
allowing the provider to complete the Webpage and serve it to 
a requesting visitor. 

[0039] In various embodiments, request-time content auc 
tion service 150 may also comprise a statistics publisher 290 
Which may collect (not shoWn) statistics relating to perfor 
mance of various agents, including market participants. For 
example, the statistics publisher may record statistics relating 
to click-through conversions on a Webpage, or length of atten 
tion shoWn to content provided from particular content pro 
viders. The statistics publisher 290 may then publish perfor 
mance statistics 295, possibly to selected recipients, Which 
alloW recipients of the reported statistics to see past perfor 
mance of market participants. This performance information 
may be utiliZed for making bids and offers based on predicted 
future performance, as described beloW. 

[0040] FIG. 3 illustrates an example process 300 for gen 
erating a Webpage using request-time auctioned Web content 
in accordance With various embodiments. Process 300 may 
be performed, in various embodiments, by a Webpage pro 
vider, such as Webpage provider 110. In various embodi 
ments, the operations of process 300 may be performed in an 
order other than the order illustrated. Further, one or opera 
tions may be performed concurrently. The process may start 
at operation 310, Where the Webpage provider may submit a 
preference speci?cation, such as, for example, a list of 
ordered preferences, to the request-time Web content auction 
service 150.As discussed herein, this preference speci?cation 
may be used by the request-time Web content auction service 
150 to generate a Willingness-to-pay function for the 
Webpage provider. At operation 320, Which the Webpage pro 
vider may generate a Webpage With spaces for content. As 
discussed above, in various embodiments, these spaces may 
be for editorial content, advertising, or other types of content. 
Operation 320 may be performed before, after, or concur 
rently With operation 310 in various embodiments. At opera 
tion 330, the Webpage provider may receive a Webpage 
request, such as from a visitor to a Website operated by the 
Webpage provider. Though the illustrated operations shoW the 
generation of the Webpage With spaces 320 as occurring 
before receiving a request for the Webpage, in alternative 
embodiments, operation 320 may be performed after receiv 
ing the Webpage request. 
[0041] At operation 340, the Webpage provider 110 may 
submit space offers to the request-time Web content auction 
service 150. As discussed above, in various embodiments, 
these offers may comprise price information as Well as non 
price attributes. At operation 350, the Webpage provider may 
receive an indication of one or more pieces of content Which 
are to be included in its completed Webpage from the request 
time Web content auction service 150. As discussed above, in 
various embodiments, these indications may include the con 
tent itself, a modi?ed version of the content, a location Where 
the content may be obtained, and/or other indications. At 
operation 360, the Webpage provider may generate the com 
pleted Webpage, including the indicated content and provides 
it to the requestor. At operation 370, the Webpage provider 
may facilitate payment relating to the use of the content. In 
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various embodiments, this facilitation may include paying a 
Web content provider and/or receiving payment from a Web 
content provider, directly or indirectly, e. g., via request-time 
Web content auction service 150. In some embodiments, 
facilitating payment may be aggregated over many transac 
tions. Thus, one payment covering multiple transactions may 
be made. In various such embodiments, the real time Web 
content auction service may include a logging or accounting 
facility to record the various transactions before payment The 
process may then end. 

[0042] FIG. 4 illustrates an example process 400 for per 
forming a request-time auction of Web content in accordance 
With various embodiments. Process 400 may be performed, in 
various embodiments, by the request-time Web content auc 
tion service 150. The process may begin at operation 410, 
Where the request-time Web content auction service 150 may 
receive bids for Web content, such as by bid acceptor 210, in 
response to, or before receipt of a request for Web content. At 
operation 420, the request-time Web content auction service 
150 may receive offers of space on Webpages, such as by 
Webpage space offer acceptor 220, made in response to 
requests for the Webpages. At operation 430, the request-time 
Web content auction service 150 may match bids to the 
request-time offers to determine Winning content. Particular 
examples of this matching are described beloW. At operation 
440, the request-time Web content auction service 150 may 
authoriZe the Winning content for inclusion in a Webpage. In 
various embodiments, this may include sending a noti?cation 
to the Web content provider that its content Will be included in 
the matched Webpage. At operation 450 the request-time Web 
content auction service 150 may send an indication of the 
Winning Web content to the Webpage provider, such as 
described above. The process may then end. 

[0043] FIG. 5 illustrates an example process 500 formatch 
ing Web content bids to request-time Webpage space offers in 
accordance With various embodiments, such as by the Web 
content auction resolver 250. In various embodiments, the 
process of FIG. 5 may be used to perform the bid and offer 
matching operation 430 of FIG. 4. The process may begin at 
operation 510, Where the Web content auction resolver 250 
may remove bids Which do not satisfy constraints Which are 
identi?ed in the Webpage offers from evaluation. For 
example, if a bid is for content Which is inappropriate to a 
particular Webpage, the process may exclude that bid from 
further evaluation, at least With respect to that Webpage offer. 
At operation 520, bids may be evaluated. In various embodi 
ments, the bid evaluation process may include evaluation of 
one or more non-price attributes. At operation 530, request 
time offers of Webpage space may be evaluated. In various 
embodiments, the request-time offer evaluation process may 
also include evaluation of one or more non-price attributes. 
Particular examples of the evaluation processes of operations 
510 and 520 are discussed beloW. At operation 540, the Web 
content auction resolver 250 may then match bids to offers 
based on the results of the evaluations. In one embodiment, 
this matching may be performed by taking Willingness-to-apy 
evaluations and comparing numbers for matches. In some 
embodiments, if a Willingness-to-pay amount is greater than 
or equal to Willingness-to-accept amount, then the bid may be 
matched to the offer. The process may then end. 

[0044] FIG. 6 illustrates an example process 600 for evalu 
ating bids and/or request-time offers in accordance With vari 
ous embodiments. In various embodiments, the process of 
FIG. 6 may be used to perform the bid and request-time offer 
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matching operation 530 of FIG. 5. The process may begin at 
operation 610, Where the Willingness-to-pay generator 230 
may receive ordered preferences. In various embodiments, 
the ordered preferences may be received from one or more 
Web content providers, one or more Webpage providers, or 
both. In various embodiments, the ordered preferences may 
be received prior to execution of a bid and request-time offer 
matching process, hoWever, they are illustrated herein as part 
of the matching bid and request-time offer matching process 
for the sake of brevity. 
[0045] At operation 620, the Willingness-to-pay generator 
230 may generate Willingness-to-pay functions. In various 
embodiments, these Willingness-to-pay functions may be 
based, at least in part, on previously-received ordered prefer 
ences. In various embodiments, generation of the Willing 
ness-to-pay functions may take advantage of the knowledge 
that a preference order over a set of attributes A:(a1, . . . am) 

has an additive value function representation: 

(0.1) 1M: 
[0046] When the attributes A exhibit mutual preferential 
independence (MPI) [Keeney & Raiffa, 1976]. In various 
embodiments, such an additive form may be simpler than 
other forms, and may be employed in the multi-attribute 
auction techniques described herein. The assumption of MPI 
may be violated, hoWever; in these cases embodiments may 
utiliZe more complex representations for value functions. 
Even in these situations, hoWever, various embodiments may 
exploit other structural properties of value functions that 
reduce the complexity of bidding and other auction opera 
tions. In one example, a multi-attribute auction design based 
on generaliZed additive independence [Fishbum, 1967] may 
be used, Which is more ?exible than MPI While maintaining 
computational tractability in many cases. The use of both 
additive and generaliZed additive value functions for multiat 
tribute auctions has been described. [Bichler 2001; Engel & 
Wellman, 2010; Parkes & Kalagnanam, 2005]. In addition, 
structural properties identi?ed as useful for representing pref 
erences, such as conditional utility independence [Engel & 
Wellman, 2008], could in a similar manner be exploited in a 
multiattribute auction mechanism. 

[0047] Various embodiments of the Willingness-to-pay 
function take advantage of the convenience, in market-based 
decision making, for example, of expressing value on a mon 
etary scale. In some embodiments, this can be accomplished 
using measurable value functions (MVFs) [Dyer & Sarin, 
1979]. Using MVFs, measurable value may be de?ned in 
terms of differences of Willingness to pay for various out 
comes. If it is assumed that an agent has a preference order 
over outcome space (represented, for example, by the prefer 
ence orders discussed above), We can say this is represented 
by a set of attributes A, as Well as an attribute p representing 
monetary consequence (also referred to as price information). 
It may also be assumed that preferences are quasi-linear in p, 
meaning that it is assumed that is there exists a value function 
of the form v(A,p)q1(A)+L(p), Where L is a positive linear 
function. This value function, Which is in quasi-linear form, 
quali?es money as a measure of preference differences, and 
thus establishes a monetary scale for u(A). u(A) may then 
represent the aforementioned Willingness-to-pay function. In 
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various embodiments, the Willingness-to-pay function may 
also be thought of as a seller’s “Willingness-to-accept” func 
tion. 
[0048] In various embodiments, the Willingness-to-pay 
function u(A) may be interpreted as a cardinal function, 
unique up to a positive linear transformation. Elicitation of a 
Willingness-to-pay function may be most intuitive When 
using direct monetary values. In this case, L(p):p, Which 
leads to v(A,p)q1(A)+p. The Willingness-to-pay function u 
may then be constructed from preference information 
expressed on a monetary scale, using standard decision analy 
sis or other preference elicitation techniques. In such embodi 
ments, the Willingness-to-pay function is an MVP over dif 
ferences in reserve prices. Thus, the Willingness-to-pay 
(accept) function may be a su?icient model of buyer (seller) 
preferences for purpose of bid evaluation, in particular When 
preferences are quasi-linear in p. 
[0049] At operation 630, the generated Willingness-to-pay 
functions may be evaluated by the Web content auction 
resolver 250 over the bid attributes to obtain a Willingness 
to-pay valuation, such as the value of u(A) described above. in 
various embodiments, by evaluating this Willingness-to-pay 
function, the real-time Web content auction service evaluates 
space of attribute con?gurations consistent With given 
attribute values and constraints and determines one con?gu 
ration, plus a price, as an auction result. In some embodi 
ments, this evaluation may comprise solving What a multiat 
tribute matching problem (MMP) [Engel et al., 2006]. With 
this valuation obtained, the process then may end. 
[0050] In various embodiments, various attributes may be 
taken into consideration When generating a Willingness-to 
pay function. For example, value calculations may take vari 
ous forms. 

[0051] In various embodiments, the generation may in part 
comprise valuation of direct consequences, such as, for a 
Webpage provider: direct sales conversions, return visits, 
page vieWs, or sub-page events such as hover or rollover 
events demonstrating increased visitor engagement. For con 
tent providers (Who may be external to the Webpage) these 
may include sub-page events Within the provider’s presenta 
tion, such as attention events such as hover or rollover, direct 
interaction events With the provider’s presentation, or even 
doWnstream consequences of those interaction events (e.g., 
click-through events folloWed by further interaction With the 
destination). 
[0052] In various embodiments, the generation may in part 
comprise valuation of indirect consequences as Well. For 
example, interesting and relevant content, presented on a 
page, may increase visitor engagement and so increase mon 
etiZed transaction rates on other areas of the page or subse 
quent page vieWs. 
[0053] In various embodiments, valuation may be assisted 
by a Web content provider to target some average rate of 
return on use of a particular piece or pieces of content. In 
alternative embodiments, the request-time Web content auc 
tion service 150 may publish data related to historical mon 
etary and attention value derived from a Web content offer in 
comparable contexts. This may be referred to as “value-in 
context.” In one embodiment, “time-distance decay” credit 
assignment mechanisms may be utiliZed to serve both agents 
in estimating bid and offer values. 
[0054] FIG. 7 illustrates an example process 700 for facili 
tating request-time auctions incorporating bid and offer prob 
abilities in accordance With various embodiments. The vari 
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ous embodiments, the request-time web content auction 
service 150 facilitates bids and offers relating to probabilities, 
given that some of natural preference attributes will refer to 
future events, and thus be unknown at auction time. In that 
case, the request-time web content auction service 150 may 
act as a trusted broker that may publish, and/ or underwrite 

(possibly for a fee) market statistics about the impact (both 
monetary and non-monetary) of providers as a function of 
website and visitor context. Providers may then offer offers 
that include probability distributions over impacts, also 
referred to as “lotteries,” where the probability distributions 
are drawn from published market statistics. In various 
embodiments, providers or the request-time web content auc 
tion service 150 can offer to underwrite these performance 
expectations. The underwriting may be paid for, in various 
embodiments, either as part of bid or transaction costs, or for 
a separate fee. This publication (and underwriting, if appli 
cable) may allow web content providers and webpage pro 
viders to adjust their bidding strategies accordingly, rather 
than simply relying on guesses of possible performance. In 
various embodiments, the published statistics may be pre 
sented in the form of value-in-context data, such as described 
above. The value-in-context data may be estimated over vari 
ous abstracts of webpage (or website), visitor, and content 
provider combinations. 
[0055] In various embodiments, the operations performed 
at process 700 may be analogous to operations described 
above; some similar operations are elided for the sake of 
brevity. The process may begin at operation 710, where the 
request-time web content auction service 150 may record 
performance statistics of participating agents. For example, 
the request-time web content auction service 150 may record 
click-through rates or other rates for agents. In alternative 
embodiments, the performance statistics may be provided 
directly to the request-time web content auction service 150, 
such as by reports received from the webpage providers or 
web content providers. In various embodiments, performance 
statistics may be recorded at one or more levels of aggrega 
tion. At operation 720, the request-time web content auction 
service 150, such as at the statistics publisher 280, may pub 
lish statistics, such as performance statistics 290 relating to 
performance of one or more agents. 

[0056] At block 730, the request-time web content auction 
service 150 may receive offers and bids which include per 
formance probability distributions. These probabilities may 
also be known as “lotteries” and may be based in whole or in 
part on previously-published performance statistics. At 
operation 740 the request-time web content auction service 
150 may then evaluate the bids and offers including these 
probability distributions, such as by using willingness-to-pay 
functions as described above. At 750, the request-time web 
content auction service 150 matches bids to offers, such as 
described above, and the process may then end. 
[0057] The techniques and apparatuses described herein 
may be implemented into a system using suitable hardware 
and/ or software to con?gure as desired. FIG. 8 illustrates, for 
one embodiment, an example system 800 comprising one or 
more processor(s) 804, system control logic 808 coupled to at 
least one of the processor(s) 804, system memory 812 
coupled to system control logic 808, non-volatile memory 
(NVM)/ storage 816 coupled to system control logic 808, and 
one or more communications interface(s) 820 coupled to 
system control logic 808. 
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[0058] System control logic 808 for one embodiment may 
include any suitable interface controllers to provide for any 
suitable interface to at least one of the processor(s) 804 and/or 
to any suitable device or component in communication with 
system control logic 808. 
[0059] System control logic 808 for one embodiment may 
include one or more memory controller(s) to provide an inter 
face to system memory 812. System memory 812 may be 
used to load and store data and/or instructions, for example, 
for system 800. System memory 812 for one embodiment 
may include any suitable volatile memory, such as suitable 
dynamic random access memory (DRAM), for example. 
[0060] System control logic 808 for one embodiment may 
include one or more in put/output (I/O) controller(s) to pro 
vide an interface to NVM/storage 816 and communications 
interface(s) 820. 
[0061] NVM/storage 816 may be used to store data and/or 
instructions, for example. NVM/ storage 816 may include any 
suitable non-volatile memory, such as ?ash memory, for 
example, and/or may include any suitable non-volatile stor 
age device(s), such as one or more hard disk drive(s) (HDD 
(s)), one or more solid-state drive(s), one or more compact 
disc (CD) drive(s), and/or one or more digital versatile disc 
(DVD) drive(s) for example. 
[0062] The NVM/storage 816 may include a storage 
resource physically part of a device on which the system 800 
is installed or it may be accessible by, but not necessarily a 
part of, the device. For example, the NVM/storage 816 may 
be accessed over a network via the communications interface 
(s) 820. 
[0063] System memory 812 and NVM/storage 816 may 
include, in particular, temporal and persistent copies of logic 
824, respectively. Logic 824 may be con?gured to enable 
system 800, in response to operation of the logic, to practice 
some or all aspects of the dynamic webpage generation 
including request-time auctioned web content, and/or the 
request-time auction service methods described earlier. In 
various embodiments, logic 824 may be implemented via 
programming instructions of any one of a number of pro 
gramming languages, including but not limited to C, C++, C#, 
HTML, XML, and so forth. 

[0064] Communications interface(s) 820 may provide an 
interface for system 800 to communicate over one or more 

network(s) and/ or with any other suitable device. Communi 
cations interface(s) 820 may include any suitable hardware 
and/or ?rmware. Communications interface(s) 820 for one 
embodiment may include, for example, a network adapter, a 
wireless network adapter, a telephone modem, and/or a wire 
less modem. For wireless communications, communications 
interface(s) 820 for one embodiment may use one or more 

antenna(s). 
[0065] For one embodiment, at least one of the processor(s) 
804 may be packaged together with logic for one or more 
controller(s) of system control logic 808. For one embodi 
ment, at least one of the processor(s) 804 may be packaged 
together with logic for one or more controllers of system 
control logic 808 to form a System in Package (SiP). For one 
embodiment, at least one of the processor(s) 804 may be 
integrated on the same die with logic for one or more control 
ler(s) of system control logic 808. For one embodiment, at 
least one of the processor(s) 804 may be integrated on the 
same die with logic for one or more controller(s) of system 
control logic 808 to form a System on Chip (SoC). 
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[0066] In various embodiments, system 800 may have 
more or feWer components, and/or different architectures. 

[0067] The herein described subject matter sometimes 
illustrates different components or elements contained 
Within, or connected With, different other components or 
elements. It is to be understood that such depicted architec 
tures are merely examples, and that in fact many other archi 
tectures may be implemented Which achieve the same func 
tionality. In a conceptual sense, any arrangement of 
components to achieve the same functionality is effectively 
“associated” such that the desired functionality is achieved. 
Hence, any tWo components herein combined to achieve a 
particular functionality may be seen as “associated Wit ” 
each other such that the desired functionality is achieved, 
irrespective of architectures or intermedial components. 
Likewise, any tWo components so associated may also be 
vieWed as being “operably connected”, or “operably 
coupled”, to each other to achieve the desired functionality, 
and any tWo components capable of being so associated may 
also be vieWed as being “operably couplable”, to each other to 
achieve the desired functionality. Speci?c examples of oper 
ably couplable include but are not limited to physically mate 
able and/or physically interacting components and/or Wire 
lessly interactable and/or Wirelessly interacting components 
and/ or logically interacting and/or logically interactable com 
ponents. 
[0068] Various aspects of the subject matter described 
herein are described using terms commonly employed by 
those skilled in the art to convey the substance of their Work to 
others skilled in the art. HoWever, it should be apparent to 
those skilled in the art that alternate implementations may be 
practiced With only some of the described aspects. For pur 
poses of explanation, speci?c numbers, materials, and con 
?gurations are set forth in order to provide a thorough under 
standing of the illustrative examples. HoWever, it should be 
apparent to one skilled in the art that alternate embodiments 
may be practiced Without the speci?c details. In other 
instances, Well-knoWn features are omitted or simpli?ed in 
order not to obscure the illustrative embodiments. 

[0069] With respect to the use of substantially any plural 
and/ or singular terms herein, those having skill in the art may 
translate from the plural to the singular and/ or from the sin 
gular to the plural as is appropriate to the context and/or 
application. The various singular/plural permutations may be 
expressly set forth herein for sake of clarity. 
[0070] It Will be understood by those Within the art that, in 
general, terms used herein, and especially in the appended 
claims (e.g., bodies of the appended claims) are generally 
intended as “open” terms (e.g., the term “including” should 
be interpreted as “including but not limited to,” the term 
“having” should be interpreted as “having at least,” the term 
“includes” should be interpreted as “includes but is not lim 
ited to,” etc .). It Will be further understood by those Within the 
art that if a speci?c number of an introduced claim recitation 
is intended, such an intent Will be explicitly recited in the 
claim, and in the absence of such recitation no such intent is 
present. For example, as an aid to understanding, the folloW 
ing appended claims may contain usage of the introductory 
phrases “at least one” and “one or more” to introduce claim 
recitations. HoWever, the use of such phrases should not be 
construed to imply that the introduction of a claim recitation 
by the inde?nite articles “a” or “an” limits any particular 
claim containing such introduced claim recitation to inven 
tions containing only one such recitation, even When the same 
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claim includes the introductory phrases “one or more” or “at 
least one” and inde?nite articles such as “a” or “an” (e.g., “a” 
and/or “an” should typically be interpreted to mean “at least 
one” or “one or more”); the same holds true for the use of 
de?nite articles used to introduce claim recitations. In addi 
tion, even if a speci?c number of an introduced claim recita 
tion is explicitly recited, those skilled in the art Will recogniZe 
that such recitation should typically be interpreted to mean at 
least the recited number (e. g., the bare recitation of “tWo 
recitations,” Without other modi?ers, typically means at least 
tWo recitations, or tWo or more recitations). Furthermore, in 
those instances Where a convention analogous to “at least one 
of A, B, and e, etc.” is used, in general such a construction is 
intended in the sense one having skill in the art Would under 
stand the convention (e.g., “a system having at least one of A, 
B, and C” Would include but not be limited to systems that 
have A alone, B alone, C alone, A and B together, A and e 
together, Band e together, and/or A, B, and C together, etc.). 
In those instances Where a convention analogous to “at least 
one of A, B, or C, etc.” is used, in general such a construction 
is intended in the sense one having skill in the art Would 
understand the convention (e. g., “a system having at least one 
ofA, B, or C” Would include but not be limited to systems that 
have A alone, B alone, C alone, A and B together, A and C 
together, Band C together, and/or A, B, and C together, etc.). 
It Will be further understood by those Within the art that 
virtually any disjunctive Word and/or phrase presenting tWo 
or more alternative terms, Whether in the description, claims, 
or draWings, should be understood to contemplate the possi 
bilities of including one of the terms, either of the terms, or 
both terms. For example, the phrase “A or B” Will be under 
stood to include the possibilities of “A” or “B” or “A and B” 
[0071] Various operations may be described as multiple 
discrete operations in turn, in a manner that may be helpful in 
understanding embodiments; hoWever, the order of descrip 
tion should not be construed to imply that these operations are 
order dependent. Also, embodiments may have feWer opera 
tions than described. A description of multiple discrete opera 
tions should not be construed to imply that all operations are 
necessary. Also, embodiments may have feWer operations 
than described. A description of multiple discrete operations 
should not be construed to imply that all operations are nec 
essary. 
[0072] Although certain embodiments have been illus 
trated and described herein for purposes of description of the 
preferred embodiment, it Will be appreciated by those of 
ordinary skill in the art that a Wide variety of alternate and/ or 
equivalent embodiments or implementations calculated to 
achieve the same purposes may be substituted for the embodi 
ments shoWn and described Without departing from the scope 
of the disclosure. Those With skill in the art Will readily 
appreciate that embodiments of the disclosure may be imple 
mented in a very Wide variety of Ways. This disclosure is 
intended to cover any adaptations or variations of the embodi 
ments discussed herein. Therefore, it is manifestly intended 
that embodiments of the disclosure be limited only by the 
claims and the equivalents thereof. 

What is claimed is: 
1. A computer-implemented method for matching bids to 

supply content for online composite content With offers for 
space for one or more online composite content in an auction, 
the method comprising: 

receiving, by a computing device, one or more bids to 
supply content for the online composite content and one 



US 2010/0324974 A1 

or more offers for space for one or more online compos 

ite content, wherein the one or more bids and one or 

more offers have respective associated sets of attributes; 
generating, by the computing device, respective numeri 

cally-valued evaluations of the one or more bids and one 
or more offers based on the respective sets of attributes; 

matching, by the computing device, at least one bid and at 
least one offer according to the quanti?ed evaluations; 
and 

outputting, by the computing device, the matched offers 
and bids. 

2. The method of claim 1, Wherein the online composite 
content comprises a Webpage. 

3. The method of claim 2, Wherein generating respective 
quanti?ed evaluations comprises, for a bid or offer: 

generating, by the computing device, a function Which 
quanti?es a Willingness to pay measure; and 

evaluating, by the computing device, the function over 
each of the respective sets of attributes. 

4. The method of claim 3, Wherein generating a function 
comprises generating a function relative to an agent partici 
pating in the auction. 

5. The method of claim 3, Wherein generating respective 
quanti?ed evaluations further comprises, for a respective bid 
or offer, combining a valuation obtained from evaluating the 
function for that bid or offer With an asked-for price. 

6. The method of claim 3, Wherein evaluating the function 
over each of the respective sets of attributes comprises evalu 
ating the function over one or more non-quantitative 
attributes. 

7. The method of claim 1, Wherein the sets of attributes 
respectively comprise preference speci?cations. 

8. The method of claim 7, Wherein the preference speci? 
cations respectively comprise ordered preferences. 

9. The method of claim 1, Wherein, 
the method further comprises identifying, by the comput 

ing device, statistics relating to past performance of an 
agent. 

10. The method of claim 9, Wherein 
at least one bid or at least one offer comprises one or more 

probability distributions for future performance of an 
agent; and 

generating, by the computing device, respective quanti?ed 
evaluations comprises performing an evaluation over the 
one or more probability distributions. 

11. The method of claim 9, Wherein the method further 
comprises, by the computing device, publishing the statistics. 

12. The method of claim 1, Wherein generating, at the 
computing device, respective numerically-valued evaluations 
comprises evaluating a click-through conversion rate for a 
piece of online content. 

13. The method of claim 1, Wherein generating, at the 
computing device, respective numerically-valued evaluations 
comprises evaluating one or more non-price-related measure 
ments. 

14. The method of claim 13, Wherein evaluating non-price 
related measurements comprises evaluating visitor informa 
tion. 

15. The method of claim 13, Wherein evaluating non-price 
related measurements comprises evaluating Website context. 

16. The method of claim 13, Wherein evaluating non-price 
related measurements comprises evaluating Website con 
straints. 
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17. A system for performing multi-attribute auctions, the 
system comprising: 

one or more computer processors; 

a bid acceptor con?gured to, in response to operation by the 
one or more computer processors, accept one or more 

bids respectively associated With one or more pieces of 
content to place the pieces of content onto one or more 
Webpages, the one or more bids at least in part including 
non-price attributes; 

a Webpage offer acceptor con?gured to, in response to 
operation by the one or more computer processors, 
accept one or more offers of space on one or more 

Webpages, the one or more offers at least in part includ 
ing non-price attributes; 

a Willingness-to-pay generator con?gured to, in response 
to operation by the one or more computer processors, 
generate one or more functions Which quantify a Will 
ingness to pay measure for evaluating the accepted bids 
and offers; and 

a Web content auction resolver con?gured to, in response to 
operation by the one or more computer processors: 
evaluate the one or more Willingness-to-pay functions 

over the accepted bids and offers; 
match at least one bid and at least one offer Which match 

at least in part according to the evaluating; and 
output the matching at least one offer and at least one 

bid. 

18. The system of claim 17, Wherein the non-price attribute 
sets comprise ordered preferences. 

19. The system of claim 17, further comprising a provider 
statistics publisher con?gured to, in response to operation by 
the one or more computer processors, publish statistics relat 
ing to past performance of one or more agents; and 

Wherein the Webpage offer acceptor is further con?gured 
to, in response to operation by the one or more computer 
processors, accept offers Which comprise one or more 
probability distributions for future performance of the 
one or more agents. 

20. The system of claim 17, Wherein the Willingness-to-pay 
generator is con?gured to generate Willingness-to-pay func 
tions for individual Website providers or content creators. 

21. The system of claim 17, Wherein the Web content auc 
tion resolver is further con?gured to add valuations obtained 
through evaluating the one or more Willingness-to-pay func 
tions to prices included in the bids and offers. 

22. An article of manufacture, comprising: 
a tangible computer-readable medium; and 
a plurality of computer-executable instructions stored on 

the tangible computer-readable medium, Wherein the 
computer-executable instructions, in response to execu 
tion by an apparatus, cause the apparatus to perform 
operations for facilitating auctions of Web content, the 
operations comprising: 
receiving, from respective content creators, one or more 

bids respectively associated With one or more pieces 
of content to place the pieces of content onto one or 
more Webpages, the one or more bids comprising 
multiple non-price attributes and a bid price; 

receiving, from respective Webpage providers, one or 
more offers of space on one or more Webpages, the 
one or more offers comprising multiple non-price 
attributes and an offer price; 
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generating respective Willingness-to-pay and Willing- 23. The article of claim 22, Wherein the operations further 
ness-to-accept functions for the respective Webpage comprise identifying statistics relating to past performance of 
providers and Content Creators; the Webpage providers and/or content creators; and 

Wherein: 
at least one bid or at least one offer comprises a lottery 

for future performance based at least in part on the 
statistics; and 

evaluating the Willingness-to-pay and Willingness-to 
accept functions comprises performing an evaluation 
over the one or more probability distributions. 

evaluating the Willingness-to-pay and Willingness-to 
accept functions for the received one or more bids and 
one or more offers to produce one or more Willing 

ness-to-pay valuations; 
matching at least one bid and at least one offer for 

auction according to the Willingness-to-pay valua 
tions; and 

outputting the matched offers and bids. * * * * * 


